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Schematic Model of ATF6 Activation
Upon accumulation of unfolded proteins in
the ER, BiP dissociates from immature ATF6
(p90). As a consequence, Golgi localization
signals in the lumenal domain of ATF6 are
exposed and mediate exit from the ER. In the
Golgi, two subsequent processing steps by
the S1P and S2P proteases liberate the active
ATF6 transcription factor (p50) from the mem-
brane. The processed ATF6 is transported
into the nucleus and upregulates the tran-
scription of target genes.
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reorganization of the cytoskeleton. This leads to asym-How to Grab a Microtubule
metric distribution of organelles and key molecules, di-on the Move rects secretion, and provides forces to shape the cell.
Migrating cells are a particularly interesting system
for studying the process of cell polarization. In these
cells polarization is not simply a singular event, but,
rather, an extremely dynamic process, whereby polarity
In migrating cells, Rho family GTPases and their ef- is constantly reestablished, allowing cells flexibility to
fectors play a central role in polarizing and in organiz- move and respond to various external stimuli. A plethora
ing the actin and microtubule cytoskeletons. A study
of data have revealed that small GTPases of the Rho
by Fukata et al. in the June 28th issue of Cell now
family, particularly RhoA, Rac1, and Cdc42, are central
shows that the Rac1/Cdc42 effector IQGAP1 captures
to the process of polarization in all eukaryotic cells. Inmicrotubules by binding to CLIP170.
migrating fibroblasts, Rac1 and Cdc42 are active at the
leading edge, where they organize small cell adhesions,
lamellipodia, and filopodia. In contrast RhoA seems toMany cellular functions require a defined polar organiza-
tion of the cell body. Polarization is achieved through be active all over the cell and is involved in the formation
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of large cell adhesions and in the control of cell body
retraction. Because actin provides the forces required
for cell movement, most of the attention has so far fo-
cused on the role these GTPases play in organizing and
reorganizing the actin cytoskeleton (Ridley, 2001).
The contribution of microtubules to cell polarization
and cell migration is less clear (Wittmann and Water-
man-Storer, 2001). In most migrating cells microtubules
nucleate in the cell center and adopt a general orienta-
tion in parallel to an axis given by the direction of cell
movement. This process requires interpretation of intra-
cellular positional information by the microtubules,
which must be able to distinguish their target regions
at the cell front and rear from the rest of the cell. The
molecular mechanism underlying this behavior is not
yet understood, but one clue came from the finding that
an exceptionally stable subset of microtubules forms
through an interaction with RhoA and its effector, mDia
(Palazzo et al., 2001). This interaction somehow modifies
the microtubule tips, leading to their stabilization and
detyrosination. Additional mechanisms for the interac-
tion of the dynamic microtubules with the cell cortex
must exist, since RhoA/mDia function is specific for the
An IQGAP1 Mutant Induces Multiple Leading Edges
creation of stable microtubules.
Transfection of an IQGAP1 mutant unable to bind to Rac or Cdc42
In the present study, Fukata et al. uncover another (T1050AX2) into Vero cells generates multiple leading edges. Image
such mechanism, involving the Rac1 and Cdc42 kindly provided by Kozo Kaibuchi.
GTPases (Fukata et al., 2002). They describe a molecular
link between Rac1/Cdc42, their effector, IQGAP1, and
CLIP170, a protein that localizes to the growing plus subsequently dissociate from the microtubules, leading
ends of microtubules (Perez et al., 1999). IQGAP1 binds to catastrophe. It will be interesting to elucidate whether
actin with its amino terminus and crosslinks actin fila- such guidance indeed occurs in migrating cells. It will
ments (Bashour et al., 1997; Fukata et al., 1997). Fukata also be very important to investigate the contribution of
et al. now show that IQGAP1 also connects to microtu- other microtubule plus end bound proteins, such as the
bules, via its carboxyl terminus, by binding to the CLASPs, EB-1, APC, and the Dynactin complex, in the
CLIP170 amino terminus. Binding is stimulated by acti- newly discovered capturing event (Gundersen, 2002).
vated Rac1 or Cdc42, but not by activated RhoA. Fur-
Apart from illuminating spatial microtubule organiza-
thermore, constitutively active forms of Rac1 or Cdc42
tion, the present paper touches a second very crucial
(but not RhoA) retain CLIP170 at the leading edge in
problem in cell migration, the coordination of microtu-
living cells, where it normally rapidly disappears. These
bule and actin organization (Goode et al., 2000). It seemsresults suggest that, at the leading edge of migrating
clear that, at the leading edge, IQGAP1 is central to thisfibroblasts, Rac1- and Cdc42-bound IQGAP1 captures
problem because IQGAP1 binds microtubules and actin.growing microtubules by binding to CLIP170. The results
But does the protein merely serve as a docking site,thus provide a mechanism for target zone recognition
bringing microtubules into close proximity to actin, orby microtubules at the leading edge, namely through
is it the first step of a complex regulatory process? DoesCLIP170 capturing its “receptor,” IQGAP1. These results
IQGAP1 interaction with one type of filament influenceare particularly exciting, as the existence of such a mem-
the interaction with the other, or are these independent,brane-associated receptor for CLIP170 has long been
parallel events? Addressing this question may dependhypothesized.
on an understanding of the actual function of the micro-Intriguingly, these results may define a general mech-
tubules at the leading edge. In some cell types, microtu-anism by which cells spatially organize their interphase
bules deliver and deposit polarity factors. In the presentmicrotubules. In fission yeast, the CLIP170 homolog
paper, the authors show that membrane localization ofTip1p controls microtubule dynamics by suppressing
IQGAP1 is considerably reduced if microtubules are de-catastrophe in central regions of the cell cortex, thus
polymerized by Nocodazole treatment, suggesting thatallowing microtubules to continue growing toward their
microtubules are involved in IQGAP1 distribution. Fur-target zones at the cell ends. At the ends, Tip1p some-
thermore, overexpression of an IQGAP1 mutant thathow binds the cortex and, like CLIP170, is removed from
cannot bind Rac1 or Cdc42 results in cells that formthe microtubule tips, allowing microtubules to undergo
multiple leading edges (Figure), indicating that a criticalcatastrophe (Brunner and Nurse, 2000). Exactly the
concentration of IQGAP1 will form a leading edge. Onesame kind of protection by CLIP170 may allow the dy-
can therefore speculate that fibroblast microtubules arenamic fibroblast microtubules to grow along the cortex
recruited to a newly forming leading edge to deliverin central regions of the cell, thereby orienting them-
IQGAP1 and other polarity factors, thereby increasingselves in parallel to the direction of cell movement. At
their local concentration and reinforcing the chosen lo-the leading edge, CLIP170 would encounter and bind
the Rac1/IQGAP1 and Cdc42/IQGAP1 complexes and cation as a leading edge.
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to be the exclusive means by which the budding yeastTop-SUMO Wrestles
achieves cohesin removal along the length of the chro-Centromeric Cohesion mosomes. However, several observations indicate that
the centromeric region of this model organism also has
distinct cohesion qualities. Upon achieving bipolar at-
tachment to the spindle, the tension generated across
budding yeast sister centromeres causes them to un-
Sister chromatid cohesion at the centromere is dis-
dergo precocious separation while the chromosome
tinct from cohesion at the chromosome arms. In the
arms remain intimately associated. This precocious sep-
June issue of Molecular Cell, Bachant et al. have
aration occurs despite enrichment of the cohesin com-
shown that centromeric cohesion in budding yeast
plex at centromeric regions, suggesting that the cohe-
is specifically regulated by SUMO-1 modification of
sive structure of centromeric chromatin is designed for
Topoisomerase II.
elasticity to accommodate the dynamic forces of the
spindle. Despite this specialization of centromeric cohe-
sion, the molecular determinants that distinguish mitoticThe faithful transmission of genetic material requires a
centromeric cohesion from arm cohesion in buddingseries of finely orchestrated cell cycle events that ensure
yeast have yet to be described.accurate chromosome segregation. Critical to this pro-
The Elledge lab has now identified the small ubiquitin-cess is the establishment, preservation, and timely dis-
related modifier Smt3p/SUMO-1 as the first factor thatsolution of cohesion between sister chromatids (for a
contributes specifically to the architecture of centro-review, see Nasmyth, 2001). Globally, cohesion pre-
meric cohesion (Bachant et al., 2002). Unlike ubiquityla-serves the relationship between sisters throughout
tion, the addition of Smt3p (sumoylation) is not knownchromosome condensation and alignment on the mitotic
to target proteins for degradation. Rather, the Smt3p/spindle so that each daughter cell receives a single copy
SUMO-1 modification antagonizes ubiquitin-dependentof every chromosome. Looking more closely, however,
degradation, regulates protein-protein interactions, andit is clear that not all cohesion is created equal. In partic-
alters subcellular localization (for a review, see Melchior,ular, centromeric chromatin appears to have unique co-
2000). The link between Smt3p/SUMO-1 and centro-hesion properties. For multicellular eukaryotes, this cen-
meric cohesion developed out of an observation madetric specialization is manifest in the way the essential
while visualizing cells harboring a mutation in the Smt3p/protein mediator of sister chromatid cohesion, the
SUMO-1 isopeptidase Smt4p, a protein responsible forcohesin complex, is removed from the sister chromatids.
cleaving Smt3p/SUMO-1 from modified substrates (LiAlthough the bulk of the cohesin complex is unloaded
and Hochstrasser, 2000). Although centromeric cohe-from the chromosome arms during prophase in a polo-
sion is so robust that no defect was initially seen inlike kinase-dependent fashion, chromosome segrega-
normally cycling cells, analysis at a mitotic arrest uncov-tion cannot take place until centromeric cohesion is
ered a phenotype in which the DNA is extensivelyrelieved at the metaphase to anaphase transition. The
stretched along the spindle axis. This phenotype differsrelease of centromeric cohesion occurs via cleavage
from mutants in the cohesin complex where the DNAof the cohesin subunit Mcd1p/Scc1p, a process that
mass becomes fully, but inappropriately, separated.involves activation of the protease Esp1p/Separase.
This evolutionarily conserved proteolytic event appears Careful examination of sister chromatid separation at
